The ability of 20 younger (mean age was 21.8 years) and older adults (mean age was 71.5 years) to visually perceive exocentric distances outdoors was evaluated. The observers adjusted the extent of in-depth spatial intervals until they appeared identical to fronto-parallel intervals of 4 and 8 m. The frontal and indepth intervals were viewed from a distance of 8 m. Almost all of the observers' judgments were inaccurate and most reflected perceptual compressions in depth: e.g., an in-depth interval of 10 m would appear to have the same extent as a physically smaller 8 m frontal interval. Some observers' judgments, however, were consistent with perceptual expansions of in-depth intervals. No significant effects of age were obtained in the current study: both younger and older adults exhibited perceptual compressions and expansions of in-depth intervals. This outcome differs from that of a recent experiment conducted by our laboratory (Vision Research 109 (2015) 52-58) that found the judgments of younger adults to be less accurate than those of older adults. A comparison of the former and current results revealed that while older adults perform similarly outdoors and indoors, the accuracy of younger adults' exocentric judgements improves substantially in outdoor settings (so that the accuracy becomes similar to that exhibited by older adults).
Research conducted over the past 65 years has consistently demonstrated that human observers' perceptions of distances in depth can be surprisingly inaccurate. For example, Gilinsky (1951) asked participants to create equal-appearing intervals in depth within an indoor archery range (total distance was 80 feet, or 24.4 m). She found substantial compressions of in-depth intervals, such that one observer (e.g., see her Fig. 4 ) perceived a physical distance of 70 feet (21.3 m) as being approximately 40 feet (12.2 m) away. Thus, this observer's perceived distance was only 57% of the actual distance. Over the succeeding decades, other researchers have also found large perceptual compressions of indepth intervals in outdoor settings (e.g., Harway, 1963; Loomis, Da Silva, Fujita, & Fukusima, 1992; Loomis & Philbeck, 1999; Norman, Crabtree, Clayton, & Norman, 2005; Wagner, 1985) . Perceptual distortions of distances are not limited to outdoor environments; they also occur in indoor environments where observers are asked to judge the extent of shorter distances in depth (Baird & Biersdorf, 1967; Norman, Adkins, Norman, Cox, & Rogers, 2015; Norman, Lappin, & Norman, 2000; Norman, Todd, Perotti, & Tittle, 1996; Thouless, 1931) . For example, Norman et al. (2015) used in-depth intervals whose extent varied from approximately 10-20 cm; their younger observers perceived these distances to be much smaller than they actually were (on average, the younger observers perceived these distances to be 59.4% of the actual extents).
Bian and Andersen (2013) investigated aging and egocentric distance (distance from oneself to a single point in space) perception and made an important discovery. In their study, younger and older observers estimated large egocentric distances in depth (4-12 m) in a large grassy field. The younger adults judged the egocentric depth intervals to be much smaller than they actually were (i.e., exhibited perceptual compression), whereas the older adults' judgments were accurate. Norman et al. (2015) followed up the Bian and Andersen experiments by investigating whether aging similarly affects observers' ability to perceive exocentric distances (distance between 2 locations in space irrespective of oneself) indoors. They found that while their older adults' judgments were inaccurate, they were nevertheless more accurate than the judgments of younger adults. The results of both of these studies (Bian & Andersen and Norman et al.) 
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Method

Apparatus and stimulus displays
The apparatus was identical to that used by Norman et al. (2005) . The spatial intervals to be judged on any given trial were marked by polyvinyl chloride (PVC) plastic poles (1.56 m tall Â 2.7 cm diameter). At the top of each pole was a spherical blue 'target' (5.6 cm in diameter). The experiment was conducted outdoors on the WKU campus in a grassy field (see Fig. 1 ).
Procedure
The procedure was identical to that used in Experiment 2 of Norman et al. (2005) . On any given trial, two poles were placed Fig. 1 . Photographs of the grassy field where the experiment was conducted. The top and bottom photographs illustrate the 4 and 8 m conditions, respectively. On any given trial, the observer (left) instructs the experimenter (right) where to place a pole so that the produced depth interval equals the width between two frontally-oriented poles.
either 4 m or 8 m apart, defining a fronto-parallel interval. The observer binocularly viewed this frontal interval from a distance of 8 m. At the beginning of a trial, a third pole was placed at the midpoint of the frontal interval, bisecting the distance. When the observer was ready, one of the experimenters (LEP) took the middle pole and walked backward in depth along the observer's line of sight (see Fig. 1 ). The observer's task was to indicate to the experimenter when the distance in depth (between the frontal interval and middle pole) appeared equal to the 4 or 8 m frontal interval. Each observer participated in both frontal width conditions (4 and 8 m). The order of the frontal width conditions was counterbalanced across observers -half of the observers judged distances in the 4 m condition first, while the remaining observers judged distances in the 8 m condition first. Each observer made a total of six judgments, three for the 8 m condition and three for the 4 m condition. Making these six judgments took about 35-45 min for most observers. On every trial, the observer was placed at a new location within the field and faced in a different direction (i.e., the poles were moved to a new position and orientation) to prevent the possibility of the observers using any potential landmarks to assist their judgments. The observers were given no feedback about their performance during the experiment.
Observers
There were a total of 20 observers. Ten of the observers were older adults (mean age was 71.5 years, sd = 5.9, range was 64-80 years), while the remaining ten were younger adults (mean age was 21.8 years, sd = 2.0, range was 19-26 years). All observers gave written consent prior to participation in the experiment. The experiment was approved by the Western Kentucky University Institutional Review Board. Our research was carried out in accordance with the Code of Ethics of the World Medical Association (Declaration of Helsinki). All of the observers were naive (i.e., had no knowledge of the exact purposes of the experiment). Both the younger and older observers had good visual acuity: the acuity of the younger and older observers measured at 1 m was À0.12 and À0.02 LogMAR (log minimum angle of resolution), respectively. 
Results
The younger and older observers' individual results (depth-towidth ratios) are shown in Figs. 2 and 3, respectively. If an observer's judgments were accurate (e.g., see observer 7 in the 4 m condition), then the extent of their adjusted depth intervals would match the 4 or 8 m frontal width, and the resulting depth-towidth ratio would be 1.0. If an observer's judgments were inaccurate (e.g., observer 1 or 10 in the 4 m condition), then the adjusted depth intervals were either physically larger or smaller than the 4 or 8 m frontal widths. Depth-to-width ratios greater than 1.0 indicate perceptual compression, while ratios less than 1.0 indicate perceptual expansion. For example, consider observer 1 -her average adjusted depth interval was 5.5 m, but this relatively large interval appeared equivalent to the 4 m frontal width (indicating perceptual compression of in-depth spatial intervals). The pattern of results for observer 10 (for the 4 m condition) was the opposite -his average adjusted in-depth interval was 3.15 m, producing a depth-to-width ratio of 0.787. The results for this observer are consistent with perceptual expansion, such that relatively small depth intervals (i.e., 3.15 m) appear equivalent to larger frontal intervals (e.g., 4.0 m). Given the inter-observer variability evident in Figs. 2 and 3, it is not surprising that there was no significant effect of age in the current experiment (F(1, 18) = 2.8, p = .11). The data was therefore collapsed across age groups and one-sample t-tests were then conducted to see if the observers' depth-to-width ratios deviated significantly from 1.0. The outcome of the one-sample ttests revealed that the observers' judgments were significantly inaccurate for both the 4 and 8 m conditions (4 m: t(19) = 3.8, p = .001, 2-tailed; 8 m: t(19) = 2.2, p < .05, 2-tailed). Even though the effect of age was not statistically significant, the older adults' depth-to-width ratios were numerically 13.7% higher than those of the younger adults. A power analysis was conducted to determine how large a sample would be needed for this small difference to become statistically significant, if this difference truly exists within the general population. Given the amount of interobserver variability (see Figs. 2 and 3) , to have enough power to have a 90% chance of detecting a difference this small between age groups (13.7%), we would have needed at least 178 total observers for the 8 m condition and at least 48 for the 4 m condition. It is important to note, however, that even if the effect of age had been significant, it would have been the opposite of the age effect obtained by Norman et al. (2015) and Bian and Andersen (2013) , who found the judgments of older adults to be more accurate than younger adults. Even though the effect of age was not significant in the current experiment, the trend was in the direction of the older adults performing less accurately (see Fig. 4 ).
The order of the experimental conditions was counterbalanced across observers. Nevertheless, the performance of the observers who participated in the 4 m condition first was not different from those observers who participated in the 8 m condition first (F(1, 18) = 0.04, p = .85). In addition, there was no effect of the different frontal widths (4 versus 8 m) upon the observers' depth-to-width ratios (F(1, 18) = 3.2, p = .09).
The overall results of the current experiment (outdoor judgments) are shown in Fig. 4 , along with analogous indoor results from an experiment reported by Norman et al. (2015) . In the current experiment, the participants adjusted the magnitude of depth intervals to match the width of frontal intervals; in the experiment of Norman et al. (2015) , observers adjusted the width of frontal intervals to match the extent of depth intervals. In both cases, observers matched frontal and depth intervals so that they appeared equivalent. Therefore, results for both experiments can be plotted and compared using the same measure (depthto-width ratios for which depth intervals appear equivalent to frontal intervals). It is readily evident from an inspection of Fig. 4 that the judgments of older adults are remarkably consistent across indoor and outdoor contexts. The pattern of the younger adults' results, however, is quite different: the younger adults' judgments were highly inaccurate indoors, but became much more accurate outdoors. A 2 Â 3 factorial analysis of variance (ANOVA) was conducted upon the data illustrated in Fig. 4 . Given the results shown in Fig. 4 , it is not surprising that the age Â width interaction was significant (F(2, 52) = 9.0, p < .001; g 2 p = 0.26). Given that our observers participated in multiple trials for each experimental condition, we also examined the precision (i.e., reliability) of the observers' repeated judgments. The average standard deviation of the observers' multiple judgments was 8.2% of the mean for the younger adults and 8.9% of the mean for the older adults; this reliability of the current older and younger observers was comparable to that obtained previously (e.g., see Norman et al., 2000 and Experiment 4 of Norman et al., 1996) . The judgments of both age groups in the current experiment were equally reliable; this small difference in the precision of the observers' judgments (8.9 versus 8.2% of the mean) was not meaningful or significant (F(1, 18) = 0.6, p = .46).
Discussion
In the current experiment, 20 younger and older observers viewed fronto-parallel spatial intervals outdoors and adjusted a depth interval to match. The results for individual observers (see Figs. 2 and 3) clearly demonstrate that almost no one's judgments are accurate -note, for example, that only one younger observer (and none of the older observers) was able to accurately match 4 m frontal and in-depth intervals. Seventy-five percent of the observers in the 4 m condition exhibited perceptual compressions of in-depth intervals, such that they appeared significantly smaller than they actually were (depth-to-width ratios larger than 1.0). Most of the remaining observers exhibited perceptual expansions of in-depth intervals (depth-to-width ratios smaller than 1.0). The results obtained for the 8 m condition were similar: 55% of the observers exhibited perceptual compressions of in-depth intervals, while 25% of the observers exhibited perceptual expansions. There were no significant effects of age in the current experiment; the younger and older adults performed similarly. This outcome is different from what might have been expected given past findings. Norman et al. (2015) . The depth-to-width ratios are plotted for both younger (filled circles) and older (open circles) observers. Accurate performance would be indicated by a depth-to-width ratio of 1.0. The error bars indicate ±1 SE. Bian and Andersen (2013) found that older adults, but not younger adults, were able to accurately estimate large egocentric distances outdoors. Norman et al. (2015) found that older adults' judgments of small exocentric distances indoors were more accurate than those of younger adults.
When the current results for outdoor judgments were compared to our laboratory's past findings indoors (see Fig. 4 ), it is clear that the older adults' performance was unaffected by the change in context and overall stimulus size. The younger adults' perceptions of distances in depth, however, were less accurate indoors (e.g., larger perceptual compression) and more accurate outdoors. The idea that context affects the perception of distance magnitudes derives from a study conducted by Lappin, Shelton, and Rieser (2006) . In their Experiment 1, younger adults bisected in-depth intervals in three different environmental contexts: (1) an indoor hallway, (2) an indoor lobby, and (3) an open grassy field outdoors. Similar to our results (see results of younger observers in Fig. 4) , Lappin et al. found that their observers exhibited large constant errors while making bisection judgments indoors, but were much more accurate (smaller constant errors) in an outdoor context. As can be seen from an inspection of Fig. 4 , the judgments of older adults are quite different from those of younger adults in that they are not significantly influenced by context -for an older adult, it simply does not matter whether the exocentric in-depth intervals are located indoors or outdoors.
A significant body of evidence indicates that aging is accompanied by reduced effects of context (Braver et al., 2001; Chee et al., 2006; Dagerman, MacDonald, & Harm, 2006; Federmeier & Kutas, 2005; Ko, Lee, Yoon, Kwon, & Mather, 2011; Rush, Barch, & Braver, 2006) . Chee et al. showed photographs of objects against a variety of backgrounds to younger and older adults while their brain activity (e.g., within the LOC, lateral occipital complex) was measured using fMRI. These researchers concluded (p. 502) that ''older adults, due to limited visual processing resources, were unable to simultaneously process object and background information". Chee et al. further concluded (p. 495 ) that this age-related ''difficulty with simultaneous processing of objects and backgrounds . . . could contribute to deficient contextual binding". Braver et al. visually presented sequences of letters to younger and older adults. The observers' task was to press a target button when the letter X was presented in an appropriate context (X preceded by the letter A; in the terminology of Braver et al. the target letter, X, is a ''probe" and the initially-presented letter, A, is a ''cue") and to press a non-target button for all other cue-probe sequences (e.g., BX, AY). In one condition (the ''interference" condition), additional non-target letters (such as P, C, L, etc.) were presented in between the cue and the probe; observers were required to attend to these non-target interference letters and press the non-target button for each one. Braver et al. found that older adults exhibited reduced context sensitivity compared to younger adults, especially in the interference condition. The overall pattern of our results (Fig. 4) is consistent with these previous findings -the distance judgments of our older adults were not influenced by environmental context whereas the judgments of our younger adults were different in indoor and outdoor settings.
In summary, older adults' judgments of large exocentric distances outdoors are inaccurate and exhibit the same properties (perceptual compression and expansion) as those of younger adults. In addition, older adults' perceptions of distances in depth are insensitive to changes in environmental context.
